Abstract: Attention Deficit Hyperactivity Disorder (ADHD), with a worldwide prevalence of 5.29%-7.1%, is one of the most common neurodevelopmental disorders among children and adolescents. Apart from typical symptoms like inattention, hyperactivity and impulsiveness, patients also evidence attention deficit problems with reading comprehension. This in turn causes poor school performance and widens the gap with peers without ADHD. This paper presents a novel and interactive tool based on Serious Games for Health, whose aim is not only to improve comprehension, but also hold the user's attention. This tool is geared towards assessing reading quality and is intended for iPad devices. Preliminary results obtained from the experiment performed to evaluate the game are included in this report. A group of six typically developing children from Colegio Vizcaya aged between 8 and 12 took part in the evaluation of motivation, satisfaction and usability of the same therapy in the new media. Results obtained by participants playing the game were analysed together with questionnaires concerning the usability of the system. Game evaluation resulted in relatively good statistics-average score was 3 points out of 4 and average time for completing the exercise was 59 seconds. A SUS questionnaire with an average score of 92.75 out of 100 indicates that the game presented is user-friendly and an effective tool. Moreover, based on the feedback obtained from participants, the game had been improved and additional functionality introduced.
Older participants completed the first game faster than the younger ones, but age was not influential in subsequent games.
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Introduction
Attention Deficit Hyperactivity Disorder (ADHD) is a substantially common diagnosed neuro-behavioural disorder in children and adolescents (<18 years). Worldwide prevalence is between 5.29% and 7.1% [1] . Symptoms of ADHD differ depending on the case. Some children can suffer from inattention only, others from hyperactivity or impulsiveness, and there is also a group which evidences all the symptoms [2] . The inattentive type can be distracted easily, has problems with focusing their attention and gets bored fast. On the other hand, hyperactivity is characterised by an inability to sit still and perform quiet tasks, talking nonstop and being permanently in motion. Impulsivity includes symptoms such as impatience, acting without being concerned about the consequences and interrupting conversations [3] .
For diagnosis to be confirmed, the symptoms of ADHD should be noticeable at ages 6-12 and maintained for more than six months [4] . There are two main criteria for diagnosing ADHD-DSM IV [5] . Usually used in the USA, and ICD-10 [6]-more common on the European continent. The second criterion is more restrictive and therefore is therefore less easy to identify than the first one [7] .
There are different treatment methods available, depending on age of the child. The first step in the case of pre-school children is a parent training/educational programme [7] because drug treatment is not recommended due to unknown long-term effects [8] . School-age children in first-line treatment require group/individual psychological treatment. Drug treatment is advised for children with serious symptoms and impairments or for those with moderate symptoms if they have refused non-drug interventions. In addition, children who provide an insufficient response to parent training/educational programmes or group psychological treatment should undergo pharmacological treatment. There are several drugs available for such treatment, which have different applications. However, all of them cause side-effects to a greater or lesser extent [9] .
Despite the symptoms stated above, children with ADHD also often demonstrate difficulties in reading comprehension [10] . Although they read fluently, understanding what they read is a problem related to one of the executive functions, which is working memory. Distraction usually occurs while reading longer texts because of difficulty in monitoring what was read [11] . Reading fluency is linked to a fundamental cognitive process-processing speed-which is required to complete the task with reasonable accuracy [12] . The lack of reading fluency resulting in problems with comprehension impairs working memory, because word decoding requires a higher-level process for the same time-limited resources [13] . Therefore, an improvement in working memory is closely related to an ability of children with ADHD not to be distracted so fast. Working memory training contributes to positive effects by either increasing attentiveness or decreasing hyperactivity, and therefore improving school performance and attention when reading and observing pictures [14] . Working memory training sessions are usually conducted on computers via the possibility of adjusting feedback as a form of reinforcement [15] . Furthermore, results obtained from research conducted by Prins et al. [16] show that performing working memory training on a computer when applying game conditions significantly influence children's motivation and performance.
To minimise ADHD symptoms, children must be motivated and stimulated effectively, and this is possible by using computers and games in therapy [17] . In his paper [18] , Kulman explains why using video games and digital media helps children with ADHD in therapy. He claims that playing a video game involves the use of executive functioning skills and also organisational and metacognitive skills. The most crucial skills, which are worked on while playing games, are memory skills and attentional skills. Due to the fact that kids with ADHD get bored fast, it is important to constantly catch their attention. Video games enable such conditions because they require that a child stays focused and engaged the whole time, and also that they engage all the senses, which makes them more interesting for the user. Another problem linked to attention deficit is lack of -immediate reinforcement or consequence‖ [18] . In cases where children are doing their homework and do not get any signal or response that it is being done correctly (or not), they get distracted and lose attention. Video games ensure a sense of progress because they provide the user with feedback, such as by scoring or collecting some items. All the factors described above encourage us to adopt video games and digital media in therapy of children with ADHD.
Taking into account the problem with attention and comprehension while reading and looking at pictures and the positive influence of games on children with ADHD, the idea came about to improve attention skills by playing the game. Therefore, the aim of this report is to present a new interactive tool which supports children with ADHD. This tool was tested in El Colegio Vizcaya who based their therapies on materials available at a referenced Spanish educational site called -Orientation Andujar‖ [19] . The tool uses a game-based learning approach to improve reading comprehension skills in children. By converting paper-based exercises used thus far in ADHD therapy, the author created the game (called -LyC: Lectura y Comprensión‖; English translation: Reading and Comprehension) developed for iPad, which is based on techniques used in Serious Games for Health. It is foreseen that this game will have a positive impact on progress in attention and comprehension while children with ADHD read.
The remainder of this paper is organized as follows: Section 2 presents a review of the literature concerning games created for children with learning difficulties and special needs. Materials and methods used in development of the game will then be described, while Section 4 contains a description of the system's design. The last section includes results and conclusions.
Background
This section presents a review of the literature concerning the previous work. It includes a description of the influence of computer game-based learning and Serious Games on education, particularly special education. Below is provided information about applications and games created for children with learning difficulties and disabilities.
There are plenty of Serious Games created for children with special needs and devices for which these games are developed are also numerous, starting with PCs, along with smartphones and tablets and ending with consoles and biofeedback. In the particular case of games created for children with Attention Deficit Disorder, they mainly focus on enhancement of attention by performing some general cognitive exercises. None of them has been directly created for the purpose of improving attention and comprehension skills.
Furthermore, iPads and iOS devices in general are rarely incorporated in games for the special education sector, especially for children with ADHD. Compared to applications and games created for the Android mobile operating system, iOS is a less common choice for developers of Serious Games. Considering the fact that Apple's mobile devices are becoming more and more popular on the market, this gap should be filled in order to ensure access to educational help for iOS users.
To conclude, it can be stated that the game presented is a pioneer in its field, not only because it is intended for a niche device, namely the iPad, but also because it provides an educational tool for children with Attention Deficit Disorder.
There are several examples of different tools used to help children in developments we have found in different countries, although general tools are taken into consideration in the cases shown in Table 1 from Canada, Egypt and the USA for children with special needs or disabilities. The type of technology used-whether PC or Smart Devices-is not a critical issue when distinguishing between applications-what really makes then differ is that in the cases shown from Malaysia, Spain and the USA (the first three cases shown in Table 1 ), tools are offered that deal with a specific problem that has been diagnosed in children, such as dyslexia or autism. No special relevance is placed on the inclusion of biofeedback techniques for objective evaluation purposes in these developments. Table 2 shows examples of technological solutions where the application varies from PCs to smartphones to Wii consoles. Each of these types of software is specifically geared towards dealing with the most common problems found in children with ADHD: fostering attention, time management, and lack of social skills. However, we have included an example of a general technical nature in the the table which is common to all types of group, such as relaxation and breathing. Attention should be drawn to the fact that when the application allows it-which often occurs in solutions for PCs-there is a tendency to include biofeedback techniques to more objectively assess the impact of therapy on such individuals.
The need can be seen in both Tables 1 and 2 to steadily move towards solutions that include Cloud Computing or Cloud Analysis, so that both users and therapists who are supervising them may gain straightforward access to results and to a historical analysis of evolution. Table 3 shows some examples of usability testing of software systems and web platforms from various research projects from 1987 to the present. The authors of the paper along with the school team involved in the investigation decided to use SUS. Due to the extensive use of SUS by the scientific community, this enables easier comparison of the usability of our tool against others. 
Materials and Methods
This section describes the methods and materials applied in development and evaluation of the game for the iPad. The game is created for children with ADHD and its purpose is for them to gain a command of reading comprehension by performing specific exercises.
Participants' Description
The application was evaluated by the control group of six typically developing children (two boys and four girls), aged between 8 and 12 years old, who have not been diagnosed with ADHD, from Colegio Vizcaya in Bilbao, Basque Country, Spain. For ethical reasons, a consent form signed by the parents of participants was required. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the University of Deusto (financed by Project P6750).
Materials
Development of the game was based on the exercises fostering attention during reading comprehension and pictures observation, which are available on the website [19] . These exercises need to be printed and solved using a pencil. The main purpose of this project was to convert paper-based exercises into a game-based version available for iPad devices.
The application consists of nine interactive exercises with different difficulty levels defined by psycho-pedagogy experts from [42] . The game process includes three stages. Firstly, the user has to read the text, which contains the important information. Then, the information must be understood and processed into the answer. The last step is to select the correct answer from all those presented. The answer is selected by dragging the button from the toolbox and dropping it on the picture or label. Drop action causes the change of picture or label according to the button, which was chosen from the toolbox. The following tools were employed in developing the game:
 iPad 2-Apple's multi-touch portable device based on iOS 7.  XCode 5-programming platform based on objective C# programming language and Interface Builder for visualising the view.  SQLite database used initially for collecting the user's results locally on the device, to ensure that therapists would gain access to them only from the iPad used.
 MySQL database created for sending the results to the server used in an improved version of the game, as the previous database limited the application's mobility.
Methodology
The trial was conducted with use of an iPad that had been installed with the game being presented. Children were asked to perform the tasks carefully and without hurry. During each trial points gained by the user and time needed to complete the task were monitored. The following step was to respond to usability questionnaires rating the game, its difficulty and visual aspects.
The whole process involving creation of the game took place in several phases.
In the first phase decisions concerning the technical details were made. From the many devices available on the market, the iPad was chosen because of being popular and widely used in the education sector. In addition, owing to its mobility, interactive multi-touch display and entertaining nature, it is more attractive to the potential user. Next, exercises from the list available on the website [19] were selected based on the possibility to adapt them to the game scenario. The example exercise is shown in Figure 1 to visualise the resources used thus far by therapists. The same exercise converted into an iPad version will be shown in Figure 2 . The following phase included the development process of the beta version of the game and verification by an expert-in this case, Patricia Clemente, Head of the Psychology Department at Colegio Vizcaya. Taking into account all the suggestions made by the expert, the game was improved and prepared for evaluation with children from Colegio Vizcaya. The next phase-evaluation-is very important in developing the software because based on the results and opinion of the control user the game can be analysed and adapted appropriately for the end-user-the ADHD child. The game was tested in a class environment at Colegio Vizcaya, with each participant testing the application and filling out the questionnaire individually by themselves (though all had the support of a teacher if they needed help). At the beginning of the game, it displayed instructions on how to play and an explanation of the functions used, e.g., types of button, drag and drop function, etc. Due to the fact that children participated in evaluation during class hours, there was not enough time for each of them to do all the exercises. Thus, participants only did the first three exercises. The Spanish version of the SUS (System Usability Scale) [27] was used in the case of questionnaires. The questionnaire consisted of ten items, each of which was to be assigned using the Likert scale ranging from 1 -strongly disagree‖ to 5 -strongly agree‖. The game was improved by adding additional functionality based on participants' opinion. The last phase involved applying the MySQL database to store the results on the server.
System Design
The system's design is described in this section, including all the processes which take place during its operation. A general outline of the system's operation is provided to visualise the process. As can be observed in Figure 3 when the user (in this case the child with ADHD) interacts with the system by playing the game, the data that is introduced is then retrieved by the system. The data is then passed on to the database to be stored on the server. Access to the results is provided for the therapist to enable progress to be monitored. 
High-Level Design
A general description of the entire system is provided in this subsection with the elements that make up the game being identified. Figure 4 shows a diagram of high-level design. As can be observed, the architecture used in designing the game consists of three main elements: interface, game motor and report. The design is segmented and the elements separated according to their functions. Each element is described briefly below. The interface, also called presentation layer, provides interaction for the user's output/input. In the case of the game presented this function is performed by the iPad's multi-touch screen, which displays exercises (output) and records touches by the user (input). The interface is connected to the next element-the game motor-which is responsible for sending the code to be used and touch recognition. Once the touch is recognised and a score assigned, it is then sent to the interface from the game motor and displayed to the user after completing each exercise.
The game motor, also called business or logic layer, is responsible for the functioning of the game. It is connected both to the interface, sending the information to be displayed on the screen and recognising the touch events performed while the game is being played. The game motor is also connected to the reporting part by sending the game's parameters (user name, score, time needed to complete the exercise, time needed to check the results and number of repetitions) to be stored. This element was created and managed using XCode 5 development software.
The report, also called database layer, manages all the processes for storing the results obtained in the game, and which are prescribed to the user name. It is connected to the game motor as part of the process involving retrieving the data. These results are then displayed in the form of a table to the therapist and are accessible from any device with Internet connection. Database access protocol was created in the source code in order to manage this element.
Low-Level Design
In this subsection A detailed description of the three main elements making up the system are described in this subsection-interface, game motor and report-together with the diagram showing the operation.
The interface is responsible for interaction with the user. In case of the game presented, the interaction takes place using the iPad's multi-touch screen, which plays a double role. Firstly, it provides the output for the user by displaying the game content and secondly, it provides the user's input by recording all touch events. The interface element also includes the way that the device communicates with the user, and so the flowcharts describing the game content are shown in this part. Figure 5 shows the general flowchart of the game presented. As can be observed, the introduction with instructions on how to play is displayed at the beginning. The next view is the interactive window that asks the user to input his/her name. The following step is a predefined process of how to play the game, which is described in detail further in this section. After finishing each game, the user is then provided with the results with correct answers. Due to the fact that the game presented consists of 9 exercises, the previous two steps are repeated nine times. After the last exercises, the window which gives the possibility to play again is displayed. If this option is chosen, then the user can play again. Otherwise, the game is finished. Figure 6 contains a detailed description of the predefined process included in the general diagram of low-level design-the flowchart of the game. Due to the fact that all nine exercises have the same operation principle, only one game is shown, which then can be replicated. The window with the following elements appears just after starting the game: text (on top of the view), pictures (below the text), labels (below the pictures) and draggable buttons (on the right side of the view). Depending on the game, different numbers of the above elements are displayed. At this stage, the user's task is to read the text carefully and decide about the correct solutions. Next, using draggable buttons, the user can drag the button itself and drop it on the picture or label. Drop action causes the change in picture or label in accordance with the feature prescribed for the button. After completing all tasks, the next view with results and correct answers is displayed. Only if the number of points is equal to the maximum or (maximum-1) can the user proceed to the next exercise. Otherwise, the game must be repeated until the score is high enough to pass to the next exercise. Both moving on to the next exercise and playing again initiates the process involving sending the results to the database. The last block in the flowchart stands for the predefined processes of the remaining eight games.
The game motor is responsible for how the game functions. It is connected both to the interface, by sending the information to be displayed on the screen, and to the reporting part, by storing and accessing the data. This connection is provided and managed by an XCode 5 integrated development environment. XCode combines both objective C programming language for implementation of source code and Interface Builder for the graphic design in order to create the functioning user interface for Apple devices. Once the game is displayed, the timer starts to record the time of the user's interaction. Touch action is analysed and once the game is finished, the timer stops. All the parameters collected by the user while playing the game are then prepared in order to be sent to the database. The score obtained is displayed to the user in the interface and at this stage, operation of the game motor ends. The reporting element of the game presented is responsible for storing the results obtained while playing the game in the database. These results are prescribed to the user name, which was introduced at the beginning of the game. The connection with the game motor is established via a code in XCode so that processes involving storing and retrieving the data can be maintained. The local database was implemented using SQLite and the all the results were always stored on the device. Thanks to collaboration with another project developed at DeustoTech it was possible also to store the dataon a remote server. To do so, MySQL database was adapted, enabling the data to be accessed from any device through to the Internet (when they have connectivity). The game parameters in accessible format for the database are received in this part. The URL request is then created to allow connection with server. Once the connection is established using 3G/4G or WIFI, the results obtained by the user together with his/her name are then sent to the database. After this, a response from the server is obtained. The results sent to the database are assigned to variables created in the server and the table is then initialised both with variables and values. The table is displayed in the game manager so that the therapist may gain access to it.
Results
The experiment conducted on the control group is described in this section. The results were obtained on 27 May 2014 at Colegio Vizcaya and include evaluation of two tests. The first one is a tool evaluation, which contains the results of children playing the game. The second one is an evaluation of the system's usability based on the SUS questionnaire. Six children (two males-33% of the participants-and four females-67%) aged between eight and twelve years old took part in the evaluation.
First of all, participants read the instructions carefully and introduced their codes in the name text field (to preserve anonymity, participants used a code instead of their real name). They then explored the tool by playing the game individually. Students had to follow the three stages: reading the text, which contains the important information; understanding and processing information into answers; selecting the correct answer from all presented by dragging the button from the toolbox and dropping it on the picture or label.
Two parameters were recorded during evaluation of each child-time needed to complete each exercise and obtain a score (if students do not respond correctly to any examples in any exercise they will score 0). These results were sent to the SQLite database, which stored them locally on the device. Access to this data was provided only by the iPad used.
Just after finishing playing the game, children were asked to fill out the SUS questionnaire. The usability of the game was evaluated with the Spanish version of the SUS questionnaire. The questionnaire consisted of ten items, each of which was to be assigned using the Likert scale, ranging from 1 -strongly disagree‖ to 5 -strongly agree‖.
The lists of questions asked in the SUS questionnaire are provided below:
1. I think that I would like to use this system frequently. 2. I found the system unnecessarily complex. 3. I thought the system was easy to use. 4. I think that I would need the support of a technical person to be able to use this system. 5. I found the various functions in this system were well integrated. 6. I thought there was too much inconsistency in this system. 7. I would imagine that most people would learn to use this system very quickly. 8. I found the system very cumbersome to use. 9. I felt very confident using the system. 10. I needed to learn a lot of things before I could get going with this system.
The following subsections contain a detailed analysis of the results obtained during evaluation of the tool and its usability.
Game Evaluation
The game evaluation is described in this section along with a statistical analysis of preliminary results. Children playing the game are shown in Figure 7 . To preserve anonymity, photos were taken from the side, not showing participants' faces. The results obtained by participants are shown in Table 4 . The table contains the time taken and score obtained by each participant in each game and also statistical calculations of the mean value of time, score and their standard deviation. To preserve anonymity, participants are identified by their code rather than by name. In this sample, it can be observed that in the first game the time needed to complete the exercise is generally longer than in the remaining two games. Comparing the two graphs (Figures 8 and 9) , it can be seen how the mean time changed with respect to mean score. The time needed to complete the game shows a decreasing tendency, whereas the score obtained shows an increasing tendency. However, in the following games, the time parameter improved, as participants had already learnt how to play. As regards standard deviations, it can be observed that they decrease, which means that divergence of results also decreases. Furthermore, the time needed to complete each game will be compared to the age of each participant (see Figure 10 ). 
System Usability Evaluation
The user-experience evaluation is described in this section, and the results obtained from the SUS questionnaire are provided in Table 5 . During usability evaluation, all the children had a teacher who helped them assess the tool.
In the case of odd-numbered questions the best score is 5, whereas in the case of even-numbered questions the best score is 1. As can be seen, the results in this sample are rather good. Only the 5th and 6th questions were rated worse than the rest, which basically means that the version of the game used in the test was not well integrated and there were some inconsistencies. However, following evaluation the game was improved according to participants' suggestions. The general score obtained by this questionnaire was 89.58 out of 100. This means that this game obtains an A grade, which is the best possible. 
Conclusions
This paper presents a game developed for iPad devices, whose aim of this therapy not only to improve the comprehension but also hold the attention of children with ADHD. Due to the fact that traditional methods of treating the symptoms of ADHD are not always effective, alternative methods are needed. Incorporation of Serious Games in therapy is one of them.
The review of literature and articles available on the Internet included in this paper shows that although there are many Serious Games aimed at helping children with ADHD, they usually focus on fostering attention. There are not many solutions which help in everyday life. Furthermore there are not many games and applications developed for iOS devices, especially the iPad, which are becoming more and more popular on the market. Therefore, it is hoped that the game presented in this report will fill this gap.
The results presented in Section 5 show that the game is user-friendly and easy to follow, which the score obtained from the SUS questionnaire confirms. The improved version meets all the requirements stated by participants in the evaluation. The main conclusions drawn from the study are:
(a) At the first stage of the game, participants explored how to play, and the rules were not very clear to them. (b) Age and gender differences became less influential as the game developed. (c) Age was significant only in the first game. This means that older participants completed the first game faster than younger ones, but that age was not influential in subsequent games.
Future lines for this study involve expanding the tool, which is currently being used in combination with other traditional techniques, to include more activities and introduce the element of randomness. Moreover, in terms of the results presented in the database, an analysis of progress should be included to illustrate how reading comprehension skills improved. Another thing which is indispensable for validating the game is evaluation of the tool on target-users-children with Attention Deficit Disorder.
In developing a novel and interactive tool, it is hoped that the game presented will help children with Attention Deficit Disorder improve their reading comprehension skills and, thus, improve school performance. Eventually, it is foreseen that the tool will improve the quality of life of those and their families.
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